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ECOSYSTEM-SCALE SELENIUM MODELING: DATA AND 

REFERENCES 

 

Compilation and Calculation of Kds and TTFs 

Ratios derived here employ dry weight (dw) for media (particulate material and tissue). 

Datasets are temporally and spatially matched from 52 field studies that included water-column 

Se concentrations and particulate Se concentrations (Supplemental Table A). The Kds typical of a 

variety of ecosystems (e.g., ponds, rivers, estuaries) are given. If a range was reported, a median 

is listed; if a series of data was reported, a mean is listed. 

A compilation of experimental data for invertebrate physiological parameters allowed 

calculation of kinetic TTFs for invertebrates (particulate to invertebrate) (Supplemental Table B). 

Additional calculated TTFs from denoted field studies are shown in Supplemental Table C. A 

compilation of experimental data for fish physiological parameters allowed calculation of kinetic 

TTFs for fish (invertebrate to fish) (Supplemental Table D). Additional calculated TTFs from 

denoted field studies (invertebrate to fish except where noted as fish to fish) are shown in 

Supplemental Table D. 

 

Detailed Data Sets for Field Case Studies Used in Validation 

Datasets (in dw) are temporally and spatially matched from 29 field locations (Supplement 

Tables E and F). Food webs focus on particulate material, invertebrates, and fish (Supplemental 

Table E) or birds (Supplement Table F). Predicted and observed Se concentrations for 

invertebrates, fish (whole-body or muscle), and bird eggs are shown. Data collection at most 

field case studies included all these media phases. Case studies that were not complete still 
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yielded useful information in either validation of prey or predator Se concentrations. Sites 

illustrated are those exposed to selenium contamination. However, in three study area 

investigations (Kesterson Reservoir, McLeod River/Luscar Creek watershed, and the San 

Joaquin River), sites identified as reference sites are included.  

Modeled invertebrate and fish species are identified under food webs (Supplemental Tables E 

and F). Bioaccumulation data for invertebrates (in dw) from field studies for comparison with 

biodynamic predictions were available for crustaceans (amphipods, copepods, generic 

zooplankton, Daphnia, crayfish); aquatic insects (mayfly, caddisfly, cranefly, stonefly, 

damselfly, corixid, chironomid); and freshwater and marine clams (C. fluminea; C. amurensis, 

respectively). Bioaccumulation data for fish (in dw) were available for freshwater minnow, 

sunfish, trout, sucker, catfish, sculpin, perch, silversides; shad; killifish, livebearers (sailfin molly 

and mosquitofish) and saltwater sturgeon, sargo, talapia, croaker, corvina, topsmelt, halibut, 

goby, turbot, perch, mullet, and anchovy. Bioaccumulation data for birds were included for coot, 

stilt, avocet, killdeer, gadwall, teal, mallard, grebe, dipper, sandpiper, scoter, scaup, gull, 

skimmer, rail, tern, egret, and heron (See main text Tables 3 and 4 and Supplemental Tables B, 

C, and D for more detailed information on species).  

Prediction starts with an observed particulate Se concentration and uses a species-specific 

TTFinvertebrate (see main text Tables 3 and 4 for details) to predict an invertebrate Se concentration 

(Supplemental Tables E and F). The type of particulate material that was collected varied among 

different case studies. Where data were available from multiple types of particulates, 

concentrations were averaged. In a few cases professional judgment was employed to eliminate 

unrepresentative particulate data (e.g. to avoid what were obviously sandy sediments or an 

obvious error in data reduction). Invertebrate Se concentrations are predicted using a subset of 
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TTFinvertebrate shown in main text Table 3: amphipod, 0.9; zooplankton, 1.5; crayfish, 1.6; aquatic 

insects, 2.8; brine shrimp, 4.2; brine fly, 1.65; freshwater clam, 2.8; and marine clam 6.25. 

Where applicable to a specific species (i.e. for piscivores), an additional factor of 1.1 is applied 

to an invertebrate Se concentration to represent an interim transfer step of invertebrate to fish for 

a fish-eating bird or forage fish to predator fish. For the San Francisco Bay-Delta Estuary, an 

additional factor of 1.35 is applied to represent a food web from particulate material to copepod 

to mysid to striped bass. In a few cases, data for Se concentrations in diet were used to validate 

both fish and bird food webs, if, for example, a complete temporally matched data set was not 

available (e.g., Blackfoot River watershed, southeast Idaho). 

Fish Se concentrations are predicted using a TTFfish of 1.1 (see main text Table 3) applied to 

the predicted invertebrate Se concentrations (Supplemental Table E). If data are available for 

more than one invertebrate food web, multiple fish concentrations are predicted. Ranges of fish 

Se concentrations and means of invertebrate and fish species for a site location are given for 

comparison. As noted in Supplemental Table E, individual identified species-specific food web 

Se concentrations or grand means of observed invertebrate and fish Se concentrations were used 

to derive correlations of observed to predicted Se concentrations (see main text Figures 3 and 4).  

Bird egg Se concentrations are predicted using a 1.8 TTFbird applied to the predicted 

invertebrate Se concentration (Supplemental Table E). In complex food webs that consider birds 

consuming fish, an additional step applying a TTFfish of 1.1 is used.  

Sites are noted in Supplemental Tables E and F (e.g., Belews Lake, Kesterson Reservoir) 

where Se exposure caused die-offs and deformities in fish or high rates of embryonic terata in 

birds (Skorupa, 1998; Ohlendorf, 2002). Conditions at these sites showed extensive ecosystem 

exposure and, at sites affecting birds, effects of general Se toxicity or poisoning (e.g,, 
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emaciation, no nesting, dead adult birds). In modeling, these sites show predicted Se 

concentrations in tissue of predators above observed Se concentrations. Food avoidance by birds 

is a documented phenomenon in the laboratory (Heinz and Sanderson, 1990) and at contaminated 

sites such as Kesterson Reservoir (Ohlendorf, 1996; Ohlendorf et al., 1988). Heinz and 

Sanderson (1990) state that at 10 to 20 µg/g, Se-treated diets were avoided by mallards. Heinz 

and Fitzgerald (1993) state that high dietary concentrations of Se make birds sick, leading to 

reduced feeding, and ultimately to severe emaciation and death. Food avoidance by fish in 

laboratory experiments takes place in about the same range (13-14 µg/g) (Hodson et al., 1980; 

Finley, 1985). 

 

WILDLIFE SELENIUM CRITERIA: EXAMPLE CALCULATION 

  A reference dose (RfD) for Se can be derived from experimental feeding studies for adult 

mallards in which effects from maternally ingested Se were measured (Heinz, 1989; Sample et 

al. (1996)). The measured reproductive endpoint is avian egg hatchability. The example equation  

RfD = (4 µg/g ww food as selenomethionine) (0.1 kg food/day) ÷ 1 kg BW ww (1)  

uses a No Observable Effect Level (NOEL) of 4 µg/g (laboratory chow at 10% moisture 

enriched with selenomethionine), an ingestion rate of 100 g/day, and a Body Weight (BW) of 1 

kg. This ingestion rate is 10% of BW because a 1-kg mallard was tested. The derived RfD is 

0.400 mg/kg-day or 400 µg/kg-day. The USEPA derived an avian tissue residue value (TRV) for 

Se by combining three endpoints (growth, reproduction, and mortality) for two test species 

ingesting invertebrates and sediment from terrestrial food webs (USEPA, 2007). The derived 

avian wildlife TRV for Se is 290 µg/kg-d [highest NOEL lower than lowest bounded Lowest 
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Observable Effect Level (LOEL) for reproduction, growth or survival], with a geometric mean of 

NOEL values of 606 µg/kg-day.  

If a Se RfD of 400 µg/kg-day is assumed for modeling of effects to birds, then allowable 

Cfood for various species of birds can be calculated. Note that uncertainty factors could be applied 

to adjust the selected RfD downward for a margin of safety as is recommended in 1) a Canadian 

protocol for wildlife protection [Canadian Council of Ministers of the Environment (CCME), 

1999]; and 2) the derivation of fish consumption advisories for humans (USEPA, 2000a). In an 

example deriving a wildlife criterion for lesser scaup, a bird of similar body weight to mallard of 

1 kilogram, the ingestion rate is increased to 0.2 kg (20% of BW) and 0.3 kg (30% of BW) 

food/d based on increased feeding rates for wild birds. If 10% moisture is assumed in ingested 

food (similar to laboratory chow), then the calculated allowable Cfood is 2.0 µg/g ww and 2.2 

µg/g dw at the lower feeding rate and 1.3 µg/g ww and 1.5 µg/g dw at the higher feeding rate. If 

the hypothetical ingested food is fish with a 75% moist content, then the allowable Cfood is 2.0 

µg/g ww and 8.0 µg/g dw at the lower feeding rate and 1.3 µg/g ww and 5.3 µg/g dw at the 

higher feeding rate. In an example derivation for a smaller bird species, if a belted kingfisher 

weighs 0.148 kg, ingests 50 g fish/d (34% of BW) with a moisture content of 75%, then the 

allowable Cfood is  

(400 µg Se/kg BW-day) (0.148 kg) ÷ 12.5 g dw food/day = 4.74 µg/g dw     (2) 

Thus, to successfully calculate allowable Cfood, both the % BW ingested and the % moisture in 

food need to be specified. For watershed evaluation, the allowable Cfood is used as a dietary target 

and compared to 1) existing Se concentrations in dietary items of biologically appropriate food 

webs; or 2) predicted concentrations as a result of food web modeling. Equations can be added to 

consider mixtures of food (see main text Table 6). 

6 
 



 
 
 
 

LITERATURE CITED 
 

Alquezar R, Markich SJ, Twining JR. 2007. Comparative accumulation of 109Cd and 75Se from 
water and food by an estuarine fish (Tetractenos glaber). J Environ Radioact 99:167-180. 
 
Baines SB, Fisher NS, Stewart R. 2002. Assimilation and retention of selenium and other trace 
elements from crustacean food by juvenile striped bass (Morone saxitilis). Limnol Oceanogr 
47:646-655. 
 

Bennett WN, Brooks AS, Boraas ME. 1986. Selenium uptake and transfer in an aquatic food 
chain and its effects on fathead minnow larvae. Arch Environ Contam Toxicol 15:513-517. 
 
Besser JM, Huckins JN, Little EE, La Point TW. 1989. Distribution and bioaccumulation of 
selenium in aquatic microcosms. Environ Pollut 62:1-12. 
 
Besser JM, Canfield TJ, La Point TW. 1993. Bioaccumulation of organic and inorganic selenium 
in a laboratory food chain. Environ Toxicol Chem 12:57-72. 
 
Bertram PE, Brooks AS. 1986. Kinetics of accumulation of selenium from food and water by 
fathead minnows. Water Res 20:877-884. 
 
Birkner JH. 1978. Selenium in aquatic organisms from seleniferous habitats [PhD thesis]. Fort 
Collins (CO), USA: Colorado State University. 
 
Bowie GL, Sanders JG, Riedel GF, Gilmour CC, Breitburg DL, Cutter GA, Porcella DB. 1996. 
Assessing selenium cycling and accumulation in aquatic systems. Water Air Soil Pollut 90:93-
104. 
 
Butler DL, Krueger RP, Osmundson BC, Thompson AL, McCall SK. 1991. Reconnaissance 
investigation of water quality, bottom sediment and biota associated with irrigation drainage in 
the Gunnison and Uncompahgre River basins and at Sweitzer Lake, west-central Colorado, 
1988-1989. http://pubs.er.usgs.gov/usgspubs/wri/wri914103. Accessed 8/3/2009. 
 
Butler DL, Wright WG, Hahn DA, Krueger RP, Osmundson BC. 1994. Physical, chemical, and 
biological data for detailed study of irrigation drainage in the Uncompahgre Project Area and in 
the Grand Valley, west-central Colorado, 1991-1992. 
http://pubs.er.usgs.gov/usgspubs/ofr/ofr94110. Accessed 8/3/2009. 
 
Butler DL, Wright WG, Stewart KC, Osmundson BC, Krueger RP, Crabtree DW. 1996. Detailed 
study of selenium and other constituents in water, bottom sediment, soil, alfalfa, and biota 
associated with irrigation drainage in the Uncompahgre Project Area and in the Grand Valley, 

7 
 

http://pubs.er.usgs.gov/usgspubs/wri/wri914103
http://pubs.er.usgs.gov/usgspubs/ofr/ofr94110


west-central Colorado 1991-93. http://pubs.er.usgs.gov/usgspubs/wri/wri964138. Accessed 
8/3/2009. 
 
California Resources Agency. 2006. Salton Sea ecosystem restoration program: draft 
programmatic environmental impact report. http://www.saltonsea.water.ca.gov/PEIR/draft. 
Accessed 7/29/2009. 
 
[CCME] Canadian Council of Ministers of the Environment. 1999. Protocol for the Derivation of 
Canadian Tissue Residue Guidelines for the Protection of Wildlife that Consume Aquatic Biota. 
http://www.ccme.ca/assets/pdf/trg_protocol.pdf. Accessed 7/29/2009. 
 
Casey R. 2005. Results of aquatic studies in the McLeod and Upper Smoky River Systems. 
http://environment.gov.ab.ca/info/posting.asp?assetid=7743&searchtype=asset&txtsearch=casey. 
Accessed 7/29/2009. 
 
Cavitt JF. 2007. Concentration and effects of selenium on breeding shorebirds at Great Salt 
Lake. http://www.deq.utah.gov/Issues/GSL_WQSC/docs/051608_Appendix_C.pdf. Accessed 
7/29/2009. 
 
Cleveland L, Little EE, Buckler DR, Wiedmeyer RH. 1993. Toxicity and bioaccumulation of 
waterborne and dietary selenium in juvenile bluegill (Lepomis macrochirus). Aquat Toxicol 
27:265-280.  
 
Conover MR, Vest JL. 2009. Selenium and mercury concentrations in California gulls breeding 
on the Great Salt Lake, Utah, USA. Environ Toxicol Chem 28:324-329. 
 
Cumbie PM.1984. Deposition of selenium and arsenic in sediments of Belews Lake, North 
Carolina. In: Workshop Proceedings: The effects of trace elements on aquatic ecosystems. March 
23-24, 1982; Raleigh, NC. Palo Alto (CA), USA: Electric Power Research Institute. p 5-1 to 5-
30. 
 
Cutter GA, Cutter LS. 2004. Selenium biogeochemistry in the San Francisco Bay estuary: 
changes in water column behavior. Estuarine Coastal Shelf Sci 61:463-476. 
 
Doblin MA, Baines SB, Cutter LS, Cutter GA. 2006. Sources and biogeochemical cycling of 
particulate selenium in the San Francisco Bay estuary. Estuarine Coastal Shelf Sci 67:681-694. 
 
Fan TW-M, Swee JT, Hinton DE, Higashi RM. 2002. Selenium biotransformations into 
proteinaceous forms by foodweb organisms of selenium-laden drainage waters in California. 
Aquat Toxicol 57:65-84. 
 
Finley KA. 1985. Observations of bluegills fed selenium-contaminated Hexagenia nymphs 
collected from Belews Lake, North Carolina. Bull Environ Contam Toxicol 35:816-825. 
 
Fisher NS, Reinfelder JR. 1991. Assimilation of selenium in the marine copepod Acartia tonsa 
studied with a radiotracer ratio method. Mar Ecol Prog Ser 70:157-164. 

8 
 

http://pubs.er.usgs.gov/usgspubs/wri/wri964138
http://www.saltonsea.water.ca.gov/PEIR/draft
http://www.ccme.ca/assets/pdf/trg_protocol.pdf
http://environment.gov.ab.ca/info/posting.asp?assetid=7743&searchtype=asset&txtsearch=casey
http://www.deq.utah.gov/Issues/GSL_WQSC/docs/051608_Appendix_C.pdf


 
Fowler SW, Benayoun G. 1976. Selenium kinetics in marine zooplankton. Mar Sci Commun 
2:43-67. 
 
Garcia-Hernandez J, Glenn EP, Artiola J, Baumgartner DJ. 2000. Bioaccumulation of selenium 
(Se) in the Cienega de Santa Clara wetland, Sonora, Mexico. Ecotoxicol Environ Saf 46:298-304. 
 
Garcia- Hernandez J, King KA, Velasco AL, Shumilin E, Mora MA, Glenn EP. 2001. Selenium, 
selected inorganic elements and organochloride pesticides in bottom material and biota from the 
Colorado River delta. J Arid Environ 49:65-69. 
 
GEI Consultants Inc. 2008. Selenium bioaccumulation evaluation Thompson Creek, Custer 
County, Idaho, 2007.  
 
Greater Yellowstone Coalition. 2005 and 2006. Technical Reports on selenium concentrations in 
water, macrophytes, macroinvertebrates, and fish. http://greateryellowstone.org/media/pdf/Se-
sampling-data/selenium-overview.pdf. Accessed 7/29/2009. 
 
Hamilton SJ, Buhl KJ, Lamothe PJ. 2004. Selenium and other trace elements in water, sediment, 
aquatic plants, aquatic invertebrates, and fish from streams in SE Idaho near phosphate mining. 
In: Hein JR, editor. Life cycle of the Phosphoria Formation: from deposition to post-mining 
environment. Amsterdam, Netherlands: Elsevier BV. p 483-525. 
 
Hamilton SJ, Buhl KJ. 2004. Selenium in water, sediment, plants, invertebrates, and fish in the 
Blackfoot River drainage. Water Air Soil Pollut 159:3-34. 
 
Hamilton SJ, Buhl KJ. 2005. Selenium in the Blackfoot, Salt, and Bear River watersheds. 
Environ Monit Assess 104:309-339. 
 
Hansen D, Duda PJ, Zayed A, Terry, N. 1998. Selenium removal by constructed wetlands: role 
of biological volatilization. Environ Sci Technol 32:591-597. 
 
Harding LE, Graham M, Paton D. 2005. Accumulation of selenium and lack of severe effects on 
productivity of American dippers (Cinclus Mexicanus) and spotted sandpipers (Actitis 
Macularia). Arch Environ Contam Toxicol 48:414-423. 
 
Heinz GH, Fitzgerald MA. 1993. Reproduction of mallards following overwinter exposure to 
selenium. Environ Pollut 81:117-122. 
 
Heinz GH, Sanderson C. 1990. Avoidance of selenium-treated food by mallards. Environ Toxicol 
Chem 9:1155-1158. 
 
Heinz GH, Hoffman DJ, Gold LG. 1989. Impaired reproduction of mallards fed an organic form 
of selenium. J Wildl Manage 53:418-428. 
 

9 
 

http://greateryellowstone.org/media/pdf/Se-sampling-data/selenium-overview.pdf
http://greateryellowstone.org/media/pdf/Se-sampling-data/selenium-overview.pdf


Hilton JW, Hodson PV, Slinger SJ. 1980. The requirement and toxicity of selenium in rainbow 
trout (Salmo Gairdneri). J Nutr 110:2527-2535. 
 
Hopkins WA, Staub BP, Snodgrass JW, Taylor BE, DeBiase AE, Roe JH, Jackson BP, Congdon 
JD. 2004. Responses of benthic fish exposed to contaminants in outdoor microcosms – 
examining the ecological relevance of previous laboratory toxicity tests. Aquat Toxicol 68:1-12. 
 
Johns C, Luoma SN, Eldrod V. 1988. Selenium accumulation in benthic bivalves and fine 
sediments of San Francisco Bay, the Sacramento-San Joaquin Delta and selected tributaries. 
Estuarine Coastal Shelf Sci 27:381-396. 
 
Ke C, Wang W-X. 2001. Bioaccumulation of Cd, Se, and Zn in an estuarine oyster (Crassostrea 
rivularis) and a coastal oyster (Saccostrea glomerata). Aquat Toxicol 56:33-51. 
 
Kennedy CJ, McDonald LE, Loveridge R, Strosher MM. 2000. The effects of bioaccumulated 
selenium and mortalities and deformities in the eggs, larvae and fry of a wild population of 
cutthroat trout (Oncorhynchus clarki lewisi). Arch Environ Contam Toxicol 39:46-52. 
 
LeBlanc LA, Schroeder RA. 2008. Transport and distribution of trace elements and other 
selected inorganic constituents by suspended particulates in the Salton Sea Basin, California, 
2001. Hydrobiologia 604:123-135. 
 
Lee B-G, Lee J-S, Luoma SN. 2006. Comparison of selenium bioaccumulation in the clams 
Corbicula fluminea and Potamocorbula amurensis: a bioenergetic modeling approach. Environ 
Toxicol Chem 25:1933-1940. 
 
Lemly AD. 1985. Toxicology of selenium in freshwater reservoir: implications for 
environmental hazard evaluation and safety. Ecotoxicol Environ Saf 10:314-338. 
 
Lemly AD. 1993. Metabolic stress during winter increases the toxicity of selenium to fish. Aquat 
Toxicol 27:133-158. 
 
Liu DL, Yang YP, Hu MH, Harrison PJ, Price NM. 1987. Selenium content of marine food chain 
organisms from the coast of China. Mar Environ Res 22:151-165. 
 
Luoma SN, Johns C, Fisher NS, Steinberg NA, Oremland RS, Reinfelder JR. 1992. 
Determination of selenium bioavailability to a benthic bivalve from particulate and solute 
pathways. Environ Sci Technol 26:485-491. 
 
Lusk JD. 1993. Selenium in aquatic habitats at Imperial National Wildlife Refuge [MSc 
thesis]. Tucson (AZ), USA: University of Arizona. 
 
Marden B. 2008. 2007 Update – Great Salt Lake Water Quality Studies, Development of a 
selenium standard for the open waters of the Great Salt Lake – Project 2B – Synoptic 
survey of the pelagic zone: selenium in water, seston, and Artemia. 

10 
 



http://www.deq.utah.gov/Issues/GSL_WQSC/docs/111708_Full_%20Report_Final_DWQ_Versi
on_2008.pdf. Accessed 8/3/2009. 
 
Martinez CT. 1994. Selenium levels in selected species of aquatic birds on Imperial 
National Wildlife Refuge [MSc thesis]. Tucson (AZ), USA: University of Arizona. 
 
Mason RP, Laporte J-M, Andres S. 2000. Factors controlling the bioaccumulation of mercury, 
methylmercury, arsenic, selenium, and cadmium by freshwater invertebrates and fish. Arch 
Environ Contam Toxicol 38:283-297. 
 
Mathews T, Fisher NS. 2008. Trophic transfer of seven trace metals in a four-step marine food 
chain. Mar Ecol Prog Ser 367:23-33. 
 
McDonald LE, Strosher MM. 1998. Selenium mobilization from surface coal mining in the Elk 
River Basin, British Columbia: A survey of water, sediment and biota. 
http://www.llbc.leg.bc.ca/public/PubDocs/bcdocs/376725/seleniumelk.pdf. Accessed 7/29/2009. 
 
Moore SB, Winckel J, Detwiler SJ, Klasing SA, Gaul PA, Kanim NR, Kesser BE, DeBevec AB, 
Beardsley K, Puckett LK. 1990. Fish and Wildlife Resources and Agricultural Drainage. vol. II. 
San Joaquin Valley Drainage Program. p 4-362 to 4-366. 
 
Muscatello JR, Janz DM. 2009. Selenium accumulation in aquatic biota downstream of a 
uranium mining and milling operation. Sci Total Environ 407:1318-25. 
 
Ni I-H, Chan SM, Wang W-X. 2005. Influences of salinity on the biokinetics of Cd, Se, and Zn 
in the intertidal mudskipper Periophthalmus cantonensis. Chemosphere 61:1607-1617. 
 
Ohlendorf HM. 1996. Selenium. In Fairbrother A, Locke LN, Hoff GL, editors. Noninfectious 
diseases of wildlife 2nd ed. Ames (IA), USA: Iowa State University Press. p 128-140. 
 
Ohlendorf HM. 2002. The birds of Kesterson Reservoir: a historical perspective. Aquat Toxicol 
57:1-10. 
 
Ohlendorf HM, Hothem RL. 1995. Agricultural drainwater effects on wildlife in central 
California. In: Hoffman DJ, Rattner BA, Burton Jr GA, Cairns Jr J, editors. Handbook of 
ecotoxicology. New York (NY), USA: Lewis Publishers. p 577-595. 
 
Ohlendorf HM, Hoffman HJ, Saiki MK, Aldrich TW. 1986. Embryonic mortality and 
abnormalities of aquatic birds: apparent impacts by selenium from irrigation drainwater. Sci 
Total Environ 52:49-63. 
 
Ohlendorf HM, Kilness AW, Simmons JL, Stroud RK, Hoffman DJ, Moore JF. 1988. Selenium 
toxicosis in wild aquatic birds. J Toxicol Environ Health 24 67-92. 
 
Okazaki RK, Panietz MH. 1981. Depuration of twelve trace metals in tissues of the oysters 
Crassostrea gigas and C. virginica. Mar Biol 63:113-120. 

11 
 

http://www.deq.utah.gov/Issues/GSL_WQSC/docs/111708_Full_%20Report_Final_DWQ_Version_2008.pdf
http://www.deq.utah.gov/Issues/GSL_WQSC/docs/111708_Full_%20Report_Final_DWQ_Version_2008.pdf
http://www.llbc.leg.bc.ca/public/PubDocs/bcdocs/376725/seleniumelk.pdf


 
Orr PL, Guiguer KR, Russel CK. 2006. Food chain transfer of selenium in lentic and lotic 
habitats of a western Canadian watershed. Ecotoxicol Environ Saf 63:175-188. 
 
Presser TS, Hardy M, Huebner MA, Lamothe PJ. 2004. Selenium loading through the Blackfoot 
River watershed: linking sources to ecosystems. In: Hein JR, editor. Life cycle of the Phosphoria 
Formation: from deposition to post-mining environment. Amsterdam, Netherlands. Elsevier BV. 
p 299-319. 
 
Presser TS, Luoma SN. 2006. Forecasting selenium discharges to the San Francisco Bay-Delta 
Estuary: ecological effects of a proposed San Luis Drain extension. 
http://pubs.usgs.gov/pp/p1646/pdf/pp1646.pdf. Accessed 8/4/2009. 
 
Presser TS, Luoma SN. 2009. Modeling of selenium for the San Diego Creek watershed and 
Newport Bay, California. http://pubs.usgs.gov/of/2009/1114/. Accessed 8/4/2009. 
 
Presser TS, Piper DZ. 1998. Mass balance approach to selenium cycling through the San Joaquin 
Valley, sources to river to bay. In: Frankenberger Jr WT, Engberg RA, editors. Environmental 
Chemistry of Selenium. New York (NY), USA: Marcel Dekker Inc. p 153-182. 
 
Rainbow PS, Wang W-X. 2001. Comparative assimilation of Cd, Cr, Se, and Zn by the barnacle 
Elminius modestus from phytoplankton and zooplankton diets. Mar Ecol Prog Ser 218:239-248. 
 
Ramirez Jr P, Dickerson K. 1999. Monitoring of selenium concentrations in biota from the 
Kendrick Reclamation Project, Natrona County, Wyoming 1992-1996.  
http://www.fws.gov/mountain-prairie/contaminants/papers/kendrick.pdf. Accessed 7/29/2009. 
 
Ramirez Jr P, Rogers BP. 2002. Selenium in a Wyoming grassland community receiving 
wastewater from an in situ uranium mine. Arch Environ Contam Toxicol 42:431-436. 
 
Ratti JT, Moser AM, Garton EO, Miller R. 2006. Selenium levels in bird eggs and effects on 
avian reproduction. J Wildl Manage 70:572-578. 
 
Reinfelder JR, Wang W-X, Luoma SN, Fisher NS. 1997. Assimilation efficiencies and turnover 
rates of trace elements in marine bivalves: a comparison of oysters, clams and mussels. Mar Biol 
129:443-452. 
 
Riedel G F, Sanders JG. 1998. Trace element speciation and behavior in the tidal Delaware 
River. Estuaries 21:78-90. 
 
Roditi HA, Fisher NS. 1999. Rates and routes of trace elements uptake in zebra mussels. Limnol 
Oceanogr 44:1730-1749. 
 
Saiki MK, Lowe TP. 1987. Selenium in aquatic organisms from subsurface agricultural drainage 
water, San Joaquin Valley, California. Arch Environ Contam Toxicol 16:657-670. 
 

12 
 

http://pubs.usgs.gov/pp/p1646/pdf/pp1646.pdf
http://pubs.usgs.gov/of/2009/1114/
http://www.fws.gov/mountain-prairie/contaminants/papers/kendrick.pdf


Saiki MK, Jennings MR, Brumbaugh WG. 1993. Boron, molybdenum, and selenium in aquatic 
food chains from the lower San Joaquin River and its tributaries, California. Arch Environ 
Contam Toxicol 24:307-319. 
 
Saiki MK, Martin BA, May TW. 2008. Year 3 summary report - baseline selenium monitoring of 
agricultural drains operated by the Imperial Irrigation District in the Salton Sea Basin. 
http://pubs.usgs.gov/of/2008/1271/pdf/ofr20081271.pdf. Accessed 8/4/2009. 
 
Schlekat CE, Lee B-G, Luoma SN. 2002. Assimilation of selenium from phytoplankton by three 
benthic invertebrates: effect of phytoplankton species. Mar Ecol Prog Ser 237:79-85.  
 
Schlekat CE, Purkerson DG, Luoma SN. 2004. Modeling selenium bioaccumulation through 
arthropod food webs in San Francisco Bay, California, USA. Environ Toxicol Chem 23:3003-
3010. 
 
Schuler CA, Anthony RG, Ohlendorf HM. 1990. Selenium in wetlands and waterfowl foods at 
Kesterson Reservoir, 1984. California. Arch Environ Contam Toxicol 19:845-853.  
 
See RB, Naftz DL, Peterson DA, Crock JG, Erdman JA, Severson RC, Ramirez Jr P, Armstrong 
JA. 1992. Detailed study of selenium in soil, representative plants, water, bottom sediment, and 
biota in the Kendrick Reclamation Project Area, Wyoming, 1988-90. 
http://pubs.er.usgs.gov/usgspubs/wri/wri914131. Accessed 8/4/2009. 
 
Skorupa JP. 1998. Selenium poisoning of fish and wildlife in nature: lessons from twelve real-
world examples, In: Frankenberger Jr WT, Engberg RA. editors. Environmental Chemistry of 
Selenium. New York (NY), USA: Marcel Dekker Inc. p 315-354. 
 
Stewart AR, Luoma SN, Schlekat CE, Doblin MA, Hieb KA. 2004. Food web pathway 
determines how selenium affects ecosystems: a San Francisco Bay case study. Environ Sci 
Technol 38:4519-4526. 
 
[USEPA] US Environmental Protection Agency. 2000a. Guidance for assessing chemical 
contaminant data for use in fish advisories, vol. 2: Risk assessment and fish consumption limits, 
Third edition.  
http://www.epa.gov/waterscience/fish/advice/volume2/index.html. Accessed 7/29/2009. 
 
[USEPA] US Environmental Protection Agency. 2000b. Beal Creek and Red Draw Reservoir, 
Big Spring, Texas. National Pollution Discharge Elimination System (NPDES) Status (Segment 
1412).   
 
[USEPA] US Environmental Protection Agency. 2007. Ecological soil screening levels for 
selenium, interim final, OSWER Directive 9285.7-72. 
http://www.epa.gov/ecotox/ecossl/pdf/eco-ssl_selenium.pdf. Accessed 8/4/2009. 
 
[USGS] US Geological Survey. 2008. Water resources data – West Virginia – Water year 2008. 
http://wdr.water.usgs.gov/wy2006/pdfs/380930082033101.2006.pdf. Accessed 8/4/2009. 

13 
 

http://pubs.usgs.gov/of/2008/1271/pdf/ofr20081271.pdf
http://pubs.er.usgs.gov/usgspubs/wri/wri914131
http://www.epa.gov/waterscience/fish/advice/volume2/index.html
http://www.epa.gov/ecotox/ecossl/pdf/eco-ssl_selenium.pdf
http://wdr.water.usgs.gov/wy2006/pdfs/380930082033101.2006.pdf


14 
 

http://wdr.water.usgs.gov/wy2008/pdfs/380907082020601.2008.pdf. Accessed 8/4/2009. 
http://wdr.water.usgs.gov/wy2008/pdfs/380842082032401.2008.pdf. Accessed 8/4/2009. 
http://wdr.water.usgs.gov/wy2008/pdfs/380929082015301.2008.pdf. Accessed 8/4/2009. 
http://wdr.water.usgs.gov/wy2008/pdfs/380809082022601.2008.pdf. Accessed 8/4/2009. 
http://wdr.water.usgs.gov/wy2008/pdfs/380616082000101.2008.pdf. Accessed 8/4/2009. 
 
Velinsky DJ, Cutter GA. 1991. Geochemistry of selenium in a coastal salt marsh. Geochim 
Cosmochim Acta 55:179-191. 
 
Wang W-X, Fisher NS. 1998. Accumulation of trace elements in a marine copepod. Limnol 
Oceanogr 43:273-283. 
 
Wang W-X, Fisher NS, Luoma SN. 1996a. Kinetic determinations of trace element 
bioaccumulation in the mussel Mytilus edulis. Mar Ecol Prog Ser 140:91-113. 
 
Wang W-X, Reinfelder JR, Lee B-G, Fisher NS. 1996b. Assimilation and regeneration of trace 
elements by marine copepods. Limnol Oceanogr 41:70-81. 
 
Wang W-X, Qiu J-W, Qian P-Y. 1999. The trophic transfer of Cd, Cr, and Se in the barnacle 
Balanus Amphitrite from planktonic food. Mar Ecol Prog Ser 187:191-201. 
 
Ware LL. 2008. Selenium uptake and effects in greater scaup wintering on western Lake Ontario 
[MSc Thesis]. London, (ON), Canada: University of Western Ontario. 
 
West Virginia Department of Environmental Protection. 2009. Selenium bioaccumulation among 
select stream and lake fishes in West Virginia. 
http://www.wvdep.org/Docs/16548_Se%20Fish%20Tissue%20Summary%20Paper%20final.pdf. 
Accessed 7/29/2009. 
 
Wurtsbaugh W. 2007. Preliminary analyses of selenium bioaccumulation in benthic food webs of 
the Great Salt Lake, Utah. 
http://www.deq.utah.gov/Issues/GSL_WQSC/docs/051408_Appendix_E.pdf. Accessed 
7/29/2009. 
 
Xu Y, Wang W-X. 2002. Exposure and potential food chain transfer factor of Cd, Se, and Zn in 
marine fish Lutjanus argentimaculatus. Mar Ecol Prog Ser 238:173-186. 
 
Zhang GH, Hu MH, Huang YP, Harrison PJ. 1990. Se uptake and accumulation in marine 
phytoplankton and transfer of Se to the clam Puditapes philippnarum. Mar Environ Res 30:179-
190. 
 
Zhang YQ, Moore JN. 1996. Selenium fractionation and speciation in a wetland  
system. Environ Sci Technol 30:2613-2619.   

http://wdr.water.usgs.gov/wy2008/pdfs/380907082020601.2008.pdf
http://wdr.water.usgs.gov/wy2008/pdfs/380842082032401.2008.pdf
http://wdr.water.usgs.gov/wy2008/pdfs/380929082015301.2008.pdf
http://wdr.water.usgs.gov/wy2008/pdfs/380809082022601.2008.pdf
http://wdr.water.usgs.gov/wy2008/pdfs/380616082000101.2008.pdf
http://www.wvdep.org/Docs/16548_Se%20Fish%20Tissue%20Summary%20Paper%20final.pdf
http://www.deq.utah.gov/Issues/GSL_WQSC/docs/051408_Appendix_E.pdf


15 
 

Supplemental Table A. Water-column Se concentrations, particulate Se concentrations (dw), and calculated Kds from field studies. If a range was reported, a 
median is listed; if a series of data was reported, a mean is listed. [a) see example in text; b) means of Kds, water-column Se, and algae Se] 

Kd Ecosystem Water-column 
Se 

(μg/L) 

Particulate Se (μg/g 
dw) 

Reference 

107 San Diego Creek, California 14.4 1.54 Presser and Luoma, 2009 
110 Alamo River, California 6.35 0.7 LeBlanc and Schroeder, 2008 
122 Fording River, British Columbia, Canada 18 2.2 Harding et al., 2005 
146 San Joaquin River, California 11 1.6 Saiki et al., 1993 
255 San Diego Creek constructed pond, California 20.4 5.2 Presser and Luoma, 2009 
256 New River, California 3.9 1.0 LeBlanc and Schroeder, 2008 
269 Tulare Basin, evaporation ponds, California (range 109-500) 2.2-49 0.45-19.4 Moore et al., 1990 
272 Upper Newport Bay, California (range 101-776) 0.29-3.5 0.17-0.39 Presser and Luoma, 2009 
276 Mud Slough, California 13 3.6 Saiki et al. 1993 
340 Benton Lake (pool 2), Montana 10.4 3.5 Zhang and Moore, 1996 
346 Luscar Creek, Alberta Canada (range 220-514)a 10.7 3.7 Casey, 2005 
355 Kesterson Reservoir (SLD/pond 2), California (range 200-500) 330 55-165  Presser and Piper, 1998 
359 Salt Slough, California 9.0 3.2 Saiki et al. 1993 
494 Sage Creek, Idaho 7.7 3.8 Greater Yellowstone Coalition, 2005; 2006 
500 Benton Lake, Montana, pool 5 0.74 0.35 Zhang and Moore, 1996 
512 Benton Lake, Montana, pool 1 channel  20.3 10.4 Zhang and Moore, 1996 
591 Elk River, British Columbia, Canada 2.2 1.3 McDonald and Stosher, 1998 
611 Lower Great Lakes, Lake Ontario 0.18 0.11 Ware, 2008  
625 East Allen Reservoir, Wyoming 4.8 3.0 Birkner, 1978 
657 Crow Creek at Toner, Idaho 3.5 2.3 Greater Yellowstone Coalition, 2005; 2006 
667 Meeboer Lake, Wyoming 0.3 0.2 Birkner, 1978 
750 Diamond Lake, Wyoming 0.3 0.225 Birkner, 1978 
762 Chevron Marsh (constructed), California (range 214-1241) 5-9.8 2.1-6.7 Hansen and others, 1998 
767 Miller's Lake, Colorado 6.0 4.6 Birkner, 1978 
784 San Diego Creek constructed marsh, California 2.0 1.6 Presser and Luoma, 2009 
818 Mac Mesa Reservoir, Colorado 2.2 1.8 Birkner, 1978 
968 Sweitzer Lake, Colorado 9.4 9.1 Birkner, 1978 
968 Desert Reservoir, Colorado 12.5 12.1 Birkner, 1978 

1,104 Mud River at Spurlock, West Virginia 6.25 6.9 USGS, 2008 
1,196 Salton Sea, California 0.92 1.1 California Resources Agency, 2006 
1,224 Twin Buttes Reservoir, Wyoming 7.6 9.3 Birkner, 1978 
1,312 Galett Lake, Wyoming 0.8 1.05 Birkner, 1978 
1,341 Angus Creek, Idaho 0.82 1.1 Greater Yellowstone Coalition, 2005; 2006; 
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Kd Ecosystem Water-column 
Se 

(μg/L) 

Particulate Se (μg/g 
dw) 

Reference 

Presser et al., 2004 
1,388 Lower Great Lakes, Hamilton Harbor  0.67 0.93 Ware, 2008 
1,436 Tulare Basin, evaporation ponds, California b 8.8  11.8  Fan et al., 2002  
1,498 Big Canyon Wash (sites 1 and 2), California  21.5 32.2 Presser and Luoma, 2009 
1,579 Cobb Lake, Colorado 3.8 6.0 Birkner, 1978 
1,619 Timber Lake, Colorado 2.1 1.3 Birkner, 1978 
1,717 Larimer HWY 9 pond, Colorado 15.9 27.3 Birkner, 1978 
1,759 Great Salt Lake, Utah 0.54 0.95 Marden, 2008 
1,800 Upper Mud River Reservoir at Palermo, West Virginia 3.7 6.7 USGS, 2008 
1,818 Crow Creek above Sage Creek, Idaho 0.99 1.8 Greater Yellowstone Coalition, 2005; 2006 
1,941 Wellington State Pond, Colorado 1.7 3.3 Birkner, 1978 
1,943 Thompson Creek, Idaho 1.75 3.4 GEI Consultants Inc., 2008 
2,143 Highline Reservoir, Colorado 4.2 9.0 Birkner, 1978 
2,250 Deer Creek, Idaho 1.6 3.6 Greater Yellowstone Coalition, 2005; 2006 
2,798 Belews Lake, North Carolina 10.9 30.5 Cumbie, 1984; Lemly, 1985 
2,902 Kesterson Reservoir (pond 8), California 41 119 Saiki and Lowe, 1987 
3,044 Hyco Reservoir, North Carolina 6 -17 27 Bowie et al., 1996 
3,150 Big Canyon Wash (site 3) California 24 75.6 Presser and Luoma, 2009 
3,556 Kesterson Reservoir (pond 11), California  9.0 32 Saiki and Lowe, 1987 
4,000 Delaware River (tidal freshwater), Delaware 0.17-0.35 0.6-1.5 Riedel and Sanders, 1998 
6,500 Great Marsh, Delaware 0.01-0.06 0.3-0.7 Velinsky and Cutter, 1991 
7,817 San Francisco Bay, California (1998-1999) 0.114 0.823 Cutter and Cutter 2004; Doblin et al., 2006 
9,456 Salton Sea estuary, Alamo River 0.92 8.7 LeBlanc and Schroeder, 2008 

11,956 Salton Sea estuary, Whitewater River 0.92 11 LeBlanc and Schroeder, 2008 
13,788 Outer San Francisco Bay, California (1998-1999) 0.088 1.20 Cutter and Cutter 2004; Doblin et al., 2006 
15,000 Xiamen Bay, Fujian Province, China 0.08 1.2 Liu et al., 1987 
17,391 Salton Sea estuary, New River, California 0.92 16 LeBlanc and Schroeder, 2008 
21,500 San Francisco Bay (1986;1995-96) (range 3,000-40,000)       0.05-0.4 suspended 0.3-8  Presser and Luoma, 2006 
18,942 Lower Newport Bay, California (range 6,933-42,715) 0.07-0.15 1.05-2.98 Presser and Luoma, 2009 



Supplemental Table B. Experimental data for invertebrate physiological parameters and calculated kinetic TTFs for invertebrates (particulate to invertebrate 
in dw). [a) assumed IR; b) chosen from Fowler and Benayoun, 1976; Zhang et al., 1990; and Okazaki and Panietz, 1981; c) calculated from 23 day half-life 
[efflux (/d) = 0.69/half-life (d)], Reinfelder et al., 1997; d) calculated from 52 day half-life; e) calculated from 70 day half-life; f) calculated from 10 day half-life.] 

Marine Environments 
Species AE IR ke TTF (AE X IR/ke) Reference
copepod (Acartia tonsa) 0.97 0.42a 0.13 3.1 Fisher and Reinfelder, 1991 
copepod (Temora longicornis) 0.55 0.42 0.155 2.0 Wang and Fisher, 1998
copepod (A. tonsa; T. longicornis) 0.8 0.42a 0.19 1.8 Wang et al., 1996b
copepod (Oithona; Limnoithona; Tortanus; Acartia; T. longicornis) 0.50 0.42 0.155 1.35 Schlekat et al., 2004
mysid (Neomysis mercedis) 0.61-0.73 0.45 0.25 1.1-1.3 Schlekat et al., 2004
amphipod (Leptocheirus plumulosus) 0.45 0.20 0.15 0.6 Schlekat et al., 2004
clam (Corbula amurensis) 0.45-0.80 0.25 0.025 4.5-8.0 Schlekat et al., 2002
clam (C. amurensis) 0.36-0.54 0.25 0.025 3.6-5.4 Lee et al., 2006
clam (Corbicula fluminea) (also freshwater) 0.29-0.81 0.05 0.010 1.45-4.05 Lee et al., 2006
clam (Macoma balthica) 0.22-0.86 0.25 0.012b 11.2 (using mean AE) Luoma et al., 1992
clam (M. balthica) 0.54 (mean) 0.25 0.030c 4.5 Luoma et al., 1992
clam (Puditapes philippnarum) 0.52-0.70 0.25a 0.013d 10-13.5 Zhang et al., 1990
clam (Mercenaria mercenaria) 0.92 0.25a 0.010e 23 Reinfelder et al., 1997
oyster (Crassostrea virginica) 0.45-0.70 0.25a 0.069f 1.6-2.5 Reinfelder et al., 1997
oyster (Crassostrea rivularis) 0.55 0.45   Ke and Wang, 2001
oyster (Saccostrea glomerata) 0.45 0.32   Ke and Wang, 2001
mussel (Mytilus edulis) 0.31 0.27 0.022 3.8 Wang et al., 1996a
mussel (M. edulis) 0.72 0.27 0.022 8.8 Reinfelder et al., 1997
barnacle (Balanus amphitrite) 0.63-0.79 0.40 0.014 18-22.6 Wang et al., 1999
barnacle (Elminius modestus) 0.34-0.74 0.40 0.0137 9.9-21.6 Rainbow and Wang, 2001

Freshwater Environments 
Species AE IR ke TTF (AE X IR/ke) Reference
zebra mussel (Dreissena polymorpha) 0.28-0.46 0.42 0.026 4.5-7.4 Roditi and Fisher, 1999
clam (Corbicula fluminea) (also marine) 0.29-0.81 0.05 0.010 1.45-4.05 Lee et al., 2006
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Supplemental Table C. Calculated TTFs from field studies for invertebrates (particulate to invertebrate in dw). 
Freshwater Environments 

 Invertebrate Field TTF Reference
mayfly (Baetidae; Heptageniidae; Ephemerellidae) 2.7 Casey, 2005
caddisfly (Rhyacophilidae; Hydropsychidae) 3.2 Casey, 2005
cranefly (Tipulidae) 2.3 Casey, 2005
stonefly (Perlodidae/Perlidae; Chloroperlidae) 2.6 Casey, 2005
aquatic insect (composite) 3.2 Harding et al, 2005
damselfly (Coenagrionidae) 2.6 Birkner, 1978
midge (Chironomus sp.) 2.7 Birkner, 1978; Saiki et al., 1993
waterboatman (Cenocorixa sp.) 2.14 Birkner, 1978
crayfish (Procambarus clarki; Astacidae; Orconectes sp.) 1.5 Birkner, 1978; Saiki et al., 1993
Daphnia (Daphnia magna) 1.9 Besser et al., 1989
amphipod (Hyalella azteca; Gammarus fasciatus; Corophium spp.) 0.94 Birkner, 1978; Saiki et al., 1993
zooplankton (composite) 1.5 Saiki et al., 1993

Saline or Marine Environments 
 Invertebrate Field TTF Reference 
euphausiid (Meganyctiphanes norvegica) 1.3 Fowler and Benayoun 1976 
brine shrimp adult (Artemia franciscana) 4.2 Marden, 2008
brine shrimp nauplius 2.6 Marden, 2008
brine shrimp cysts 2.2 Marden, 2008
brine fly adult (Ephydra gracilis) 1.8 Cavitt, 2007; Wurtzbach, 2007
brine fly larvae 1.5 Cavitt, 2007; Wurtzbach, 2007
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Supplemental Table D. Calculated kinetic or field TTFs for fish (invertebrate to fish in dw except where noted as fish to fish in dw). [a) rotifer to larval fish microcosm; 
b) with assumptions; c) experimental microcosm.] 

Fish Species Kinetic 
TTF 

Field or lab TTF Experimental Physiological 
Parameters 

Reference 

mangrove snapper 
(Lutjanus argentimaculatus) 1.1  ke 0.031; IR 5%; 69% AE Xu and Wang, 2002 

striped bass (juvenile) 
(Morone saxatilis) 0.89  ke 0.08; IR 17%; 42% AE Baines et al., 2002 

Chinese mudskipper 
(Periophthalmus cantonensis) 0.84  ke 0.019; IR 5%; 32% AE Ni et al., 2005 

smooth toadfish 
(Tetractenos glaber) 0.80  ke 0.015-0.032; assumed IR 7-10%; AE 

24% Alquezar et al., 2007 

gilthead sea bream 
(Sparus auratas) 0.6  ke 0.13; assumed IR 10%; AE 77% Mathews and Fisher. 2008 

sea bass (from bream) 
(Dicentrarchus labrax) 1.1  ke 0.06; assumed IR 10%; AE 64% Mathews and Fisher. 2008 

fathead minnowa 

(Pimephales promelas) 1.0b  ke 0.025; assumed IR 5%; AE 50% Bennett et al.,1986 

fathead minnow adult 0.71-1.8b  ke 0.014;assumed IR 5%;AE 20-50% Bertram and Brooks, 1986 
bluegill (fry/juvenile)c 
(Lepomis macrochirus) 0.51b  ke 0.035; AE 36% assumed IR 5% Besser et al., 1993 

bluegill (fry/juvenile) 0.61b  ke 0.041; assumed IR 5% AE 50% Cleveland et al., 1993 
bluegill (juvenile)  1.15 (lab)  Lemly, 1993 
bluegill  1.06  Saiki et al., 1993 
white sturgeon 
(Acipenser transmontanus)  1.7  Presser and Luoma, 2006 

white sturgeon  0.6-1.3 (mean 0.9)  Stewart et al., 2004 
yellowfin goby 
(Acanthogobius flavimanus)  1.2  Stewart et al., 2004 

starry flounder 
(Platichthys stellatus)  1.6  Stewart et al., 2004 

leopard shark 
(Triakis semifasciata)  0.52  Stewart et al., 2004 

striped bass  0.8  Stewart et al., 2004 
western mosquitofish 
(Gambusia affinis)  range 0.71-1.8 

(mean 1.2)  Saiki et al., 1993 

western mosquitofish  1.3  Saiki et al., 2008 
largemouth bass  range 0.95-1.1  Saiki et al., 1993 
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Fish Species Kinetic 
TTF 

Field or lab TTF Experimental Physiological 
Parameters 

Reference 

(Micropterus salmoides) (mean 1.0) 
sailfin molly 
(Poecilia latipinna)  1.4  Saiki et al., 2008 

rainbow trout 
(Oncorhynchus mykiss)  range 0.71-1.1 

(mean 0.91)  Casey, 2005 

rainbow trout  1.04  Greater Yellowstone Coalition, 2005; 2006; Hamilton and 
Buhl, 2004; 2005; Hamilton et al., 2004 

cutthroat trout 
(Oncorhynchus clarkii)  1.0  McDonald and Stosher, 1998 

cutthroat trout from dace  range 0.87-0.99 
(mean 0.93)  Greater Yellowstone Coalition, 2005; 2006; Hamilton and 

Buhl, 2004; 2005; Hamilton et al., 2004 

cutthroat trout from sculpin  range 0.95-1.0 
(mean 0.98)  Greater Yellowstone Coalition, 2005; 2006; Hamilton and 

Buhl, 2004; 2005; Hamilton et al., 2004 

cutthroat trout  range 0.97-1.53 
(mean 1.25)  Greater Yellowstone Coalition, 2005; 2006; Hamilton and 

Buhl, 2004; 2005; Hamilton et al., 2004 
brook trout 
(Salvelinus fontinalis)  0.77  Hamilton and Buhl, 2004; 2005; Hamilton et al., 2004 

brown trout 
(Salmo trutta)  range 1.18-1.45 

(mean 1.32)  Greater Yellowstone Coalition, 2005; 2006; Hamilton and 
Buhl, 2004; 2005; Hamilton et al., 2004 

mottled sculpin 
(Cottus bairdi)  range 1.23-1.66 

(mean 1.45)  Greater Yellowstone Coalition, 2005; 2006; Hamilton and 
Buhl, 2004; 2005; Hamilton et al., 2004 

longnose dace 
(Rhinichthys cataractae)  range 1.41-1.65 

(mean 1.53)  Greater Yellowstone Coalition, 2005; 2006; Hamilton and 
Buhl, 2004; 2005; Hamilton et al., 2004 

chub (Gila sp.) (Utah chub is 
common in Idaho)  range 1.03-1.38 

(mean 1.21)  Greater Yellowstone Coalition, 2005; 2006; Hamilton and 
Buhl, 2004; 2005; Hamilton et al., 2004 

redside shiner 
(Richardsonius balteatus)  1.5  Greater Yellowstone Coalition, 2005; 2006 

mountain whitefish 
(Prosopium williamsoni)  1.31  Greater Yellowstone Coalition, 2005; 2006 

sucker (Catostomus sp.) 
(Utah and mountain suckers are 
common in Idaho) 

 0.97  Greater Yellowstone Coalition, 2005; 2006 
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Supplemental Table E. Model validation for prediction of invertebrate and fish (whole-body or muscle) Se concentrations. Predicted and observed Se 
concentrations are shown. If data are available for more than one invertebrate food web, multiple fish concentrations are predicted. Ranges of fish Se 
concentrations and means of invertebrate and fish species for a site location are given for comparison. As noted below, individual identified species-specific food 
web Se concentrations or grand means of observed invertebrate and fish Se concentrations were used to derive correlations of observed to predicted Se 
concentrations (see main text Figures 3 and 4). Additional details of data interpretation are described in the main text. [ND = no data available; ** = die-offs and 
potential food avoidance by fish; mt whitefish = mountain whitefish; wt mosquitofish = western mosquitofish; CA killifish = California killifish; CA halibut = California 
halibut; spt sand bass = spotted and bass] 

Location Food Web 
Mean observed 
particulate Se 

(µg/g dw) 
TTFinvertebrate 

Predicted 
invertebrate 

Se 
(µg/g dw)

Mean observed 
invertebrate Se 

(µg/g dw) 
TTFfish (wb 
or muscle) 

Predicted 
fish Se (wb 
or muscle) 
(µg/g dw)

Mean observed fish 
Se (wb or muscle) 

(µg/g dw) 

Belews Lake** (main 
reservoir, 1975-1984) 

North Carolina 
(Cumbie, 1984; Lemly, 

1985) (converted from ww 
except suspended) 

suspended particulate> 
insect>sunfish, bass 

30.5  
 

1.5 
2.8 
2.8 

45.8 
85.4 
85.4 

51 zoo- +phytoplankton  
93 insect 
54 mollusk 
53 crustacean 
70 annelid 
 

1.1 
 

94 for 
insectivores 

(16 fish 
species 

extripated) 

70 bluegill, redear 
sunfish, warmouth, 
pumpkinseed 
81 largemouth bass 
(mean 72) (16 
species extirpated) 

Cienega de Santa Clara, 
Colorado River Delta 

(Garcia-Hernandez et al., 
2000; 2001) 

bed sediment>adult brine 
shrimp, crayfish>fish 

1.6  4.2 
1.6 

6.7 
2.6 

5.0 brine shrimp 
3.5 crayfish 

1.1 
1.1 

7.4 
2.9 

(mean 5.2) 
 

8.6 sailfin molly 
1.7 largemouth bass 
2.1 striped mullet 
2.5 common carp 
(mean 3.7) 

Elk Valley, Alexander 
Creek, British Columbia, 

Canada 
(Orr et al., 2006) 

sediment, algae>   
insect>trout 

2.7 2.8 7.6 9.6 mayfly 
4.5 stonefly 
3.4 caddisfly 
(mean 5.8) 

1.1 8.4 4.9 cutthroat trout 

Elk Valley, Barns Lake 
wetland, British Columbia, 

Canada  
(Orr et al., 2006) 

 algae> insect>trout 4.4 2.8 12.3 11.1 mayfly 
5.9 cranefly 
(mean 8.5) 
8.2 beetle 

ND ND  

 Elk Valley, Elk River 
(below Michel Creek), 

British Columbia, Canada  
(McDonald and Strosher, 

1998) 

attached algae>benthic 
invertebrate>trout 

1.3  2.8 3.6 4.3 benthic 1.1 4.0 5.3 cutthroat trout 
4.2 mt whitefish 
4.1 bull trout 
(mean 4.5) 

 Elk Valley, Fording River  
(above Swift Creek), British 

Columbia, Canada  
(McDonald and Strosher, 

1998) 

attached algae>benthic 
invertebrate>trout 

1.6  2.8 4.5 10.7 benthic 1.1 5.0 9.1 cutthroat trout 

Elk Valley, Fording River sediment>insect>trout 8.8 2.8 24.6 18.4 mayfly 1.1 27.1 38.5 cutthroat trout 
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Location Food Web 
Mean observed 
particulate Se 

(µg/g dw) 
TTFinvertebrate 

Predicted 
invertebrate 

Se 
(µg/g dw)

Mean observed 
invertebrate Se 

(µg/g dw) 
TTFfish (wb 
or muscle) 

Predicted 
fish Se (wb 
or muscle) 
(µg/g dw)

Mean observed fish 
Se (wb or muscle) 

(µg/g dw) 

(oxbow), British Columbia, 
Canada 

(Orr et al., 2006) 

33 caddisfly 
28.4 chironomid 
(mean 26.6) 

Elk Valley, Fording River, 
British Columbia, Canada 

(Harding et al., 2005) 

particulate>insect 2.2 2.8 6.2 
(from below) 

7.1 (mayfly, stonefly, 
caddisfly, cranefly) 

ND ND See bird case 
studies  

Elk Valley, Fording River, 
British Columbia, Canada 

(Kennedy et al., 2000) 

particulate>insect >trout 2.2  
(from above) 

2.8 6.2 
 

ND 1.1  
 

6.8 12.5 cutthroat trout 
(6.7-41)  

Elk Valley, Fording River, 
British Columbia, Canada 

(Orr et al., 2006) 

sediment, algae> 
insect>trout 

2.9 2.8 8.1 7.1 mayfly 
6.9 stonefly 
8.9 caddisfly 
(mean 7.6) 

1.1 8.9 8.2 cutthroat trout 

Elk Valley, Goddard 
Marsh, British Columbia, 

Canada 
(Orr et al., 2006) 

sediment>insect>trout 26 2.8 72.8 42.6, 29.5 dragonfly 
165.4 caddisfly 
66.6 mayfly 
(mean 76) 

ND ND  

Elk Valley, Line Creek, 
British Columbia, Canada 

(Orr et al., 2006) 

sediment, algae>   
insect>trout 

2.15 2.8 6.0 7.3 mayfly 
2.7 stonefly 
5.4 caddisfly 
(mean 5.1) 

1.1 6.6 7.0 cutthroat trout 

Hyco Reservoir** (1986-
1987) 

North Carolina 
(Bowie et al., 1996) 

phytoplankton>insect> 
bluegill 

27 2.8 76 70 benthic insects  1.1 84 50 1986 bluegill 
70 1987 bluegill 
mean 60 (38-75% 
reductions in fish 
densities)

Illco Pond (1996), Kendrick 
Reclamation Project, 

Natrona County, Wyoming 
(Ramirez and Dickerson. 

1999; See et al.,1992) 

pondweed>insect 
 

6.6  2.8 18.5 25 composite insect 1.1  
 
 

20.4 23.4 common carp 

Imperial National Wildlife 
Refuge, Lower Colorado 

River (Lusk, 1993; 
Martinez, 1994) 

 

sediment, detritus, 
aufwuch>clam, crayfish 

4.0 
 

2.8 
1.6 

11.2 
6.4 

10.5 clam 
(C. fluminea) (6-26) 
7.7 crayfish (2-36) 

ND ND See bird case 
studies 

Kesterson Reservoir** 
(1983), pond 2  

sediment, algae, 
detritus>insect> 

58 
  

2.8 162 
 

180 dragonfly, damselfly, 
chironomids

1.1 178 224 wt mosquitofish 
(other species 
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Location Food Web 
Mean observed 
particulate Se 

(µg/g dw) 
TTFinvertebrate 

Predicted 
invertebrate 

Se 
(µg/g dw)

Mean observed 
invertebrate Se 

(µg/g dw) 
TTFfish (wb 
or muscle) 

Predicted 
fish Se (wb 
or muscle) 
(µg/g dw)

Mean observed fish 
Se (wb or muscle) 

(µg/g dw) 

(Saiki and Lowe, 1987) mosquitofish extirpated)
Kesterson Reservoir** 

(1983), pond11 
(Saiki and Lowe, 1987) 

sediment, algae, 
detritus>insect> 

mosquitofish 

18 
 

2.8 50 41 dragonfly, 
damselfly, chironomid 

   

Kesterson Reservoir** 
(1984), ponds 2, 7, and 11,  

(Schuler et al., 1990; 
Ohlendorf and Hothem, 

1995) 

sediment, diatom,algae> 
insect> 

35.3  2.8 99 18.6 corixid (59-130) 
98 damsel (50-160) 
69 dragonfly (48-110) 
59 beetle (12-110) 
102 diptera l(76-180) 
(72 mean insect)

ND ND See bird case 
studies 

Kesterson Reservoir** 
(1983),  

(Ohlendorf et al., 1986) 

algae>zooplankton, 
insect> 

mosquitofish (all other 
species died) 

43.5 
 

1.5 
2.8 

65 
122  

85 net plankton 
22 corixid  
139 chironomid 
122 dragonfly  
175 damselfly  
(mean insect 114)

1.1 
1.1 

 

71.5 
134 

(mean 103) 
 

170 wt mosquitofish 
(115-283) (other 
species extirpated) 

Kesterson Reservoir area 
reference site (Volta 

Wasteway), California 
(Saiki and Lowe, 1987) 

sediment>plankton, 
insect> 

mosquitofish 

0.34 1.4 
2.8 

0.48 
0.95 

2.8 net plankton 
1.7 damselfly 
 

1.1 
1.1 

0.53 
1.1 

(mean 0.79) 

1.4 wt mosquitofish 

McClean Lake area 
(Vulture Lake), northern 
Saskatchewan, Canada 
(Muscatello and Janz, 

2009) 

sediment, algae, net 
plankton (153 

micron)>insect>fish 

1.3  2.8 3.6 1.6 chironomid 
3.1 caddisfly 
1.6 dragonfly 
(mean 2.1) 
0.86 leech 
0.52 snail 

1.1 4.0 
 

1.3 northern pike 
3.4 white sucker 
4.2 stickleback 
11 burbot 
(mean 5.0) 

McLeod River/Luscar 
Creek watershed, Alberta, 

Canada 
(Casey, 2005) 

sediment, biofilm, 
algae>insect > trout, 

whitefish 
 

3.7  2.8 10.4 10.1 mayfly 
11.8 caddisfly 
8.4 cranefly 
9.4 stonefly 
(mean insect 10)

1.1 11 8.9 rainbow trout 
14.6 brook trout 
8.2 bull trout 
11.6 mt whitefish 
(mean 10.8)

McLeod River/Luscar 
Creek watershed reference 

site (Deerlick Creek), 
Alberta, Canada 
(Casey, 2005) 

sediment, biofilm> 
insect > trout 

 

0.6  2.8 1.7 6.2 mayfly 
3.8 caddisfly 
3.3 stonefly 
2.4 cranefly 
(mean insect 3.9) 

1.1 1.85 1.8 rainbow trout 
 

Miller’s Lake, Colorado 
(Birkner, 1978) 

algae>insect, crayfish> 
fathead 

4.6 
 

2.8 
1.6

12.9 
7.4 

18.8 chironomid 
9.9 corixid 

1.1 
1.1

14.2 
8.1 

11 fathead minnow 
(8.7-16.6)
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Location Food Web 
Mean observed 
particulate Se 

(µg/g dw) 
TTFinvertebrate 

Predicted 
invertebrate 

Se 
(µg/g dw)

Mean observed 
invertebrate Se 

(µg/g dw) 
TTFfish (wb 
or muscle) 

Predicted 
fish Se (wb 
or muscle) 
(µg/g dw)

Mean observed fish 
Se (wb or muscle) 

(µg/g dw) 

  (mean insect 14.4) 
11.3 crayfish

(mean 11.2) 

Newport Bay (lower), 
California 

(Presser and Luoma, 
2009) 

particulate> 
copepod> 

pelagic fish 

2.05 1.5 3.1 ND 1.1 
 

3.4 3.9 CA killifish 
2.6 topsmelt 
1.5 CA halibut 
1.6-2.3 goby 
2.2 spt. sandbass 
2.7 diamond turbot 
2.0 staghorn sculpin 
1.2 surfperch 
(mean 2.5)

Newport Bay (upper), 
California 

(Presser and Luoma, 
2009) 

particulate> mysid, 
clam>pelagic fish 

1.5 
 
 
 
 

0.9 
2.8 

1.4 
4.2 

4.8 amphipod 
6.1 bivalve 
2.9 clam 
4.4 mussel 
(mean 4.5) 
8.4 isopod 
6.1 crab 
6.2 snail 
  

1.1 
1.1 

3.6 
4.6 

(mean 4.1) 
 

3.4 topsmelt 
3.3 diamond turbot 
3.0 anchovy 
4.0 CA halibut 
5.5 striped mullet 
5.8 CA killifish 
4.0-5.1 goby 
3.2 spt. sand bass 
1.6 staghorn sculpin 
1.8 surfperch 
(4.07 mean)

Rasmus Lee Lake** 
(1994), Kendrick 

Reclamation Project, 
Natrona County, Wyoming 
(Ramirez and Dickerson. 

1999; See et al.,1992) 

pondweed> 
insect> 

 

30  2.8 84 93 composite insect ND ND See bird case 
studies 

Red Draw Reservoir, Big 
Spring, Texas (USEPA 

2000b) 

periphyton> 
snail, chironomid> 
silverside, minnow, 

killifish 
 

  3.1  
 
 
 
 
     

2.8 8.7 
 

 

12.4 chironomid 
2.2 snail (up to 8.8) 
 

1.1 9.6 
 
 

11.8 inland silverside 
(7.0-18) 
8.2 sheepshead 
minnow (5.9-16.3) 
8.0 Gulf killifish      
(4.1-11.7) 
(mean 9.3)

Salton Sea, California 
(California Resources 

Agency, 2006) 

sediment, algae> 
amphipod, corixid 

1.1 
 

0.9 
2.8 

0.99 
3.1 

1.6 amphipod 
2.3 corixid 

ND ND See bird case 
studies 
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Location Food Web 
Mean observed 
particulate Se 

(µg/g dw) 
TTFinvertebrate 

Predicted 
invertebrate 

Se 
(µg/g dw)

Mean observed 
invertebrate Se 

(µg/g dw) 
TTFfish (wb 
or muscle) 

Predicted 
fish Se (wb 
or muscle) 
(µg/g dw)

Mean observed fish 
Se (wb or muscle) 

(µg/g dw) 

Salton Sea, California 
(California Resources 

Agency, 2006) 

sediment, algae> 
pileworm>fish 

 

 6.0 (site 
specific) 

6.6 6.6 pileworm 1.1 7.3 8.1 largemouth bass 
8.8 sargo 
9-10 redbelly talapia 
12 Gulf croaker 
12 orangemouth 
corvina 
3.2 channel catfish 
(mean 8.9)

San Diego Creek 
watershed (lower San 

Diego Creek), California 
(Presser and Luoma, 

2009) 

particulate> insect, 
crayfish, clam  

2.8 2.8 
1.6 
2.8 

7.8 
4.5 
7.8 

7.5 corixid 
5.8 crayfish 
7.5 clam 
4.9 snail 

ND ND See bird case 
studies 

San Diego Creek 
watershed (marsh A), 

California 
(Presser and Luoma, 

2009) 

particulate> 
insect 

2.2 2.8 6.2 5.6 dragonfly 
4.2 backswimmer 
(mean insect 4.9) 

ND ND  

San Diego Creek 
watershed (marsh B), 

California 
(Presser and Luoma, 

2009)  

particulate> zooplankton, 
insect, crayfish>fish 

5.3 1.5 
1.6 
2.8 

 

8.0 
8.5 
14.8 

 

6.8 zooplankton 
12.1 crayfish 
11 chironomid 
11.6 corixid 
10.2 dragonfly 
(10.9 mean insect) 
5.3 snail 
7.6 freshwater clam

1.1 
1.1 
1.1 

 
 

8.8 
9.4 
16.3 

(mean 11.5) 

13 mixed fish 
10.1 wt mosquitofish 
19 common carp 
(mean 14) 

San Francisco Bay-Delta 
Estuary (1989—1997), 

California 
(Presser and Luoma, 

2006) 

particulate>clam> 
sturgeon 

2.0 6.25 12.5 13.5 (maximum 20) 
(C. amurensis, in 1995-
1997) 

1.1 13.8 15 (2-50) white 
sturgeon in 1989-
1990 

San Francisco Bay-Delta 
Estuary (2000-2001), 

California 
 (Presser and Luoma, 

2006) 

particulate> 
copepod>mysid> 

striped bass 

1.0 1.3 and 
1.35  

(two-steps) 
 
 

1.8 4.5 zooplankton 
2.2 mysid 
1.8 amphipod 
1.7 isopod 
2.2 shrimp 

1.1 (from 
mysid) 

2.0 2.0 striped bass 

San Francisco Bay-Delta 
Estuary (2000-2001), 

particulate>clam> 
sturgeon 

1.0 6.25  6.2 10.8 (clam, C. amurensis) 1.1 6.8 8.0 white sturgeon 
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Location Food Web 
Mean observed 
particulate Se 

(µg/g dw) 
TTFinvertebrate 

Predicted 
invertebrate 

Se 
(µg/g dw)

Mean observed 
invertebrate Se 

(µg/g dw) 
TTFfish (wb 
or muscle) 

Predicted 
fish Se (wb 
or muscle) 
(µg/g dw)

Mean observed fish 
Se (wb or muscle) 

(µg/g dw) 

California 
 (Presser and Luoma, 

2006) 
San Joaquin River at Hills 
Ferry, California (Saiki et 

al., 1993) 

particulate> 
amphipod, zooplankton, 

insect, crayfish 
>bluegill, bass 

1.6 1.5 
0.9 
2.8 
1.6 

 

2.4 
1.4 
4.5 
2.6 

(mean 2.7)

4.3 zooplankton 
2.8 amphipod 
4.1 chironomid 
1.9 crayfish 
(mean 3.3)

1.1 3.0 (based 
on mean of 
predicted 

invertebrates)

2.7 bluegill 
2.4 largemouth bass 
(mean 2.6) 

San Joaquin River 
reference site (at Durham), 

California (Saiki et al., 
1993) 

particulate> 
amphipod, zooplankton, 

insect, crayfish 
>bluegill, bass 

0.61 1.5 
0.9 
2.8 
1.6 

 

0.92 
0.55 
1.7 
0.98 

(mean 1.04) 

1.8 zooplankton 
1.1 amphipod 
1.6 chironomid 
1.3 crayfish 
(1.45 mean ) 

1.1 1.1 based on 
mean) 

1.9 bluegill 
1.7 largemouth bass 
(mean 1.8) 

San Joaquin River 
reference site (at Lander), 

California (Saiki et al., 
1993) 

particulate> 
amphipod, zooplankton, 

insect, crayfish 
>bluegill, bass 

0.25 1.5 
0.9 
2.8 
1.6 

 

0.38 
0.22 
0.70 
0.40 

 (0.42 mean ) 

1.3 zooplankton 
1.3 amphipod 
1.0 chironomid 
0.74 crayfish 
(1.1 mean ) 

1.1 0.46 based 
on mean) 

1.4 bluegill 
1.8 largemouth bass 
(mean 1.6) 

San Joaquin River tributary 
(Mud Slough) 

 California (Saiki et al., 
1993) 

particulate> 
amphipod, zooplankton, 

insect, crayfish 
>bluegill, bass 

3.6 1.5 
0.9 
2.8 
1.6 

 

5.4 
3.2 
10.1 
5.8 

(mean 6.1)

4.4 zooplankton 
3.7 amphipod 
6.9 chironomid 
3.2 crayfish 
(mean 4.6)

1.1 6.7 (based 
on mean of 
predicted 

invertebrates)

4.3 bluegill 
4.0 largemouth bass 
(mean 4.2) 

San Joaquin River tributary 
(Salt Slough) 

California (Saiki et al., 
1993) 

particulate> 
amphipod, zooplankton, 

insect, crayfish 
>bluegill, bass 

3.2 1.5 
0.9 
2.8 
1.6 

 

4.8 
2.9 
9.0 
5.1 

(mean 5.45) 

5.4 zooplankton 
3.3 amphipod 
7.2 chironomid 
4.4 crayfish 
(mean 5.1)

1.1 6.0 ((based 
on mean of 
predicted 

invertebrates)

5.0 bluegill 
6.9 largemouth bass 
(mean 6.0) 

Savage River watershed, 
Blacklick Run 
(atmospheric )  

western Maryland 
(Mason et al., 2000) 

 

periphyton, 
bryophyte>crayfish 

insect>sculpin, 
dace>trout 

0.78 1.6 
2.8 

1.25  
2.2 

0.89 crayfish 
7.8 mayfly 
6.2 caddisfly 
1.3 cranefly  
2.7 stonefly 
2.3 dragonfly 
2.4 dobsonfly 
 (mean insect 3.8)

1.1 
1.1 

 
 
 

 

1.4 
2.4 

(mean 1.9) 
 

 

2.0 mottled sculpin 
1.3 longnose dace 
1.4-1.7 brook trout 
(mean 1.6) 
 

Savannah River (D-area 
Power Plant) (coal ash 

sediment>insect> 
chubsucker 

20.7  2.8 58 56.9 benthic 1.1 62.6 70.3 lake chubsucker  
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Location Food Web 
Mean observed 
particulate Se 

(µg/g dw) 
TTFinvertebrate 

Predicted 
invertebrate 

Se 
(µg/g dw)

Mean observed 
invertebrate Se 

(µg/g dw) 
TTFfish (wb 
or muscle) 

Predicted 
fish Se (wb 
or muscle) 
(µg/g dw)

Mean observed fish 
Se (wb or muscle) 

(µg/g dw) 

drainage swamp 
microcosms) 

South Carolina 
(Hopkins et al., 2004) 

Sweitzer Lake**, Colorado 
(Birkner, 1978) 

 

particulate>zooplankton, 
insect, crayfish >killifish, 

minnow, mixed fry 

9.1 1.5 
2.8 
1.6 

 

13.6 
25.5 
14.6 

 

42.5 plankton 
45 damselfly 
27 chironomid 
(mean insect 36) 
20 crayfish 

1.1 
1.1 
1.1 

15 
28 

16.1 
(mean 19.7) 

32 plains killifish 
26 mixed fry 
(mean 29) 
(progressive 
mortality of 7 species 
of stocked fish)

Thompson Creek 
downstream of Thompson 

Mine, Idaho 
(GEI Consultants, 2008) 

sediment, 
detritus>insect>sculpin, 

trout 

3.2 2.8 9.0 11.5 insect 1.1 9.9 15.6 slimy sculpin 
13.8 cutthroat/ 
rainbow trout 
(mean 14.7) 

Thompson Creek 
downstream of Thompson 

Mine, Idaho (GEI 
Consultants, 2008) 

sediment, 
detritus>insect>sculpin, 

trout 

6.3 2.8 17.6 13.9 insect 1.1 19.4 11.4 slimy sculpin 
7.8 cutthroat/ 
rainbow trout 
(mean 9.6) 

Thompson Creek 
downstream of Thompson 

Mine, Idaho (GEI 
Consultants, 2008) 

sediment, detritus> 
insect>sculpin, trout 

4.3 2.8 12.0 17.9 insect 1.1 13.2 18.9 slimy sculpin 
14.0 cutthroat/ 
rainbow trout 
(mean 16.4) 

Thompson Creek upstream 
of Thompson Mine, Idaho 
(GEI Consultants, 2008) 

sediment, detritus> 
insect>sculpin, trout 

1.8 2.8 
 

5.0 7.2 insect 1.1 
 

5.5 13.5 slimy sculpin 
10.0 cutthroat/ 
rainbow trout 
(mean 11.8) 

Thompson Creek upstream 
of Thompson Mine, Idaho 
(GEI Consultants, 2008)  

 
 

sediment, detritus> 
insect>sculpin, trout 

2.1 2.8 5.9 9.6 insect 1.1 6.5 10.9 slimy sculpin 
7.8 cutthroat/ 
rainbow trout 
(mean 9.4) 

Tulare Basin Pond** (Sam 
Andrews), San Joaquin 

Valley, California 
(Moore et al., 1990) 

sediment, algae> 
adult brine shrimp, insect, 

brine fly larvae 

4.4 4.2 
2.8 
1.5 

18.5 
12.3 
6.6 

20.6 brine shrimp 
8.1 brine fly larvae 
7.5 damselfly 
 

ND ND See bird case 
studies 

Tulare Basin Pond** 
(Westfarmers), San 

Joaquin Valley, California 

sediment, algae>adult 
brine shrimp, brine fly 
larvae, insect, 

5.45 4.2 
1.5 
2.8 

22.9 
8.2 
15.3 

25.5 brine shrimp 
21.7 fly larvae 
41.1 corixid 

ND ND See bird case 
studies 
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Location Food Web 
Mean observed 
particulate Se 

(µg/g dw) 
TTFinvertebrate 

Predicted 
invertebrate 

Se 
(µg/g dw)

Mean observed 
invertebrate Se 

(µg/g dw) 
TTFfish (wb 
or muscle) 

Predicted 
fish Se (wb 
or muscle) 
(µg/g dw)

Mean observed fish 
Se (wb or muscle) 

(µg/g dw) 

(Moore et al., 1990)   80 damselfly 
(mean insect 61) 

Tulare Basin Pond** 
(Stone Land Company), 

California 
(Moore et al., 1990) 

sediment, algae>adult 
brine shrimp, insect 

0.75  4.2 
2.8 

3.2 
2.1 

3.4 brine shrimp 
2.3 corixid 

ND ND See bird case 
studies 

Tulare Basin Pond** 
(Carmel Ranch) San 

Joaquin Valley, California 
(Moore et al., 1990) 

sediment, algae>adult 
brine shrimp, insect, brine 

fly larvae 

0.40 4.2 
2.8 
1.5 

1.7 
1.1 
0.60 

3.9 brine shrimp 
4.4 brine fly larvae 
2.5 corixid 

ND ND See bird case 
studies 

Twin Buttes Reservoir, 
Wyoming 

(Birkner, 1978) 
 

sediment, 
algae>zooplankton, 

amphipod, insect> darter, 
killifish, fathead minnow, 

mixed fry 

9.3 
 

1.5 
0.9 
2.8 

14 
8.4 
26.0 

 

15.4 plankton 
11 amphipod 
16 corixid 
18 damselfly 
34 chironomid 
(mean insect 23)

1.1 
1.1 
1.1 

15.4 
9.2 
28.6 

(mean 17.7) 
 

42 Iowa darter 
22 plains killifish 
34 fathead minnow 
22 mixed fry 
(mean 30) 
 

Uncompahgre River 
watershed, Arizona and 

Colorado 
Dry Creek, DRY1 

(Butler et al., 1994) 

sediment, algae> 
insect>sucker, dace, 

chub 

2.45 
 

2.8 6.9 NA 1.5 10.4 2.0 bluehead sucker 
5.9 flannelmouth 
sucker 
4.9 white sucker 
9.7 speckled dace 
8.1 roundtail chub 
(mean 6.1)

Uncompahgre River 
watershed, Arizona and 
Colorado Loutsenhizer 

Arroyo, LZA 1 
(Butler et al., 1991; 1994; 

1996) 

sediment, algae>insect, 
crayfish> sucker, dace, 

sunfish 

5.5 
 

2.8 
1.6 

15.4 
8.8 

26 invertebrates (some 
insects) 
14 crayfish 

1.1 
 

1.1 

16.9 
9.7 

(mean 13.3) 
 

9.0 bluehead sucker 
17 flannelmouth 
sucker 
28 speckled dace 
(18 mean) 
37 green sunfish 
(all mean 22.8)

Upper Blackfoot River 
watershed, southeast 

Idaho 
(Hamilton and Buhl, 2004; 

2005; Hamilton et al., 
2004) 

sediment>insect > 
sculpin, dace 

2.5 2.8 7.0 12.1 benthic (some 
cranefly) 

1.1 7.7 7.7 mottled sculpin 
9.3 longnose dace 
(mean 8.5) 

Upper Blackfoot River 
watershed, southeast 

sediment>insect> 
sculpin, dace> 

2.5 2.8 7.0 
 

12.1 benthic (some 
cranefly) 

1.1 
and 

8.5 
 

13.2 cutthroat trout 
13.4 brook trout 
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Location Food Web 
Mean observed 
particulate Se 

(µg/g dw) 
TTFinvertebrate 

Predicted 
invertebrate 

Se 
(µg/g dw)

Mean observed 
invertebrate Se 

(µg/g dw) 
TTFfish (wb 
or muscle) 

Predicted 
fish Se (wb 
or muscle) 
(µg/g dw)

Mean observed fish 
Se (wb or muscle) 

(µg/g dw) 

Idaho 
(Hamilton and Buhl, 2004; 

2005; Hamilton et al., 
2004) 

trout 1.1 (mean 13.3) 

Upper Blackfoot River 
watershed, southeast 

Idaho 
(Greater Yellowstone 
Coalition 2005;2006) 

attached algae>insect > 
sculpin, dace 

4.1 2.8 11.4 7.8 (cranefly, caddisfly, 
dragonfly, mayfly, 
stonefly, shrimp) 

1.1 12.5 11.4 mottled sculpin 
15.6 longnose dace 
(mean 13.5) 

Upper Blackfoot River 
watershed, southeast 

Idaho 
(Greater Yellowstone 
Coalition 2005; 2006) 

attached algae>insect> 
sculpin, dace> 

trout 

4.1 2.8 11.4 
 

7.8 (cranefly,caddisfly, 
dragonfly, mayfly, 
stonefly, shrimp) 

1.1 
and 
1.1 

13.8 8.6 cutthroat trout 
12.6 brown trout 
(mean 10.6) 

Upper Mud Reservoir (left 
fork), 

West Virginia 
(USGS, 2008; West 

Virginia Department of 
Environmental Protection, 

2009) 

suspended 
material>insect, crayfish, 

clam  
 

1.7 2.8 
1.6 
2.8 

4.8 
2.7 
4.8  

10.5 dragonfly 
5.6 crayfish 
17.5 clam 
8.5 snail 
 

ND ND  

Upper Mud Reservoir 
above Palermo, (right fork) 

West Virginia 
[USGS, 2008; West 

Virginia Department of 
Environmental Protection 

(WVDEP), 2009] 

suspended 
material>insect, crayfish, 

clam>bluegill, green 
sunfish, crappie 

6.7 
 

2.8 
1.6 
2.8 

 

19.0 
10.9 
19 
 

16.5 dragonfly 
12.1 crayfish 
30.7 clam 
36.6 snail 
 

1.1 
 
 

20.9 
12.0 
29.7 

(mean 20.9) 
 
 

28 bluegill (USGS) 
26 bluegill (WVDEP) 
20 green sunfish 
20.4 crappie 
(mean 22.1) 
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Supplemental Table F. Model validation for prediction of invertebrate and bird egg Se concentrations. Predicted and observed Se concentrations are shown. [ND 
= no data available; max = maximum); ** = embryonic terata and potential food avoidance; blk-nk stilt = black-necked stilt; red-wg blackbird = red-winged 
blackbird] 

Location Food Web 
Mean observed 
particulate Se 

(µg/g dw) 
TTF invertebrate 

Predicted 
invertebrate 

Se 
(µg/g dw) 

Mean observed 
invertebrate Se 

(µg/g, dw) 
TTFbird egg  

Predicted 
bird egg 

Se 
(µg/g, dw) 

Mean observed bird egg Se 
(µg/g, dw) 

Converse County (uranium 
mine wastewater irrigates 

grasslands), Wyoming 
(Ramirez and Rogers, 

2002) 

soil>grass> grasshopper> 
blackbird 

3.1 soil  
12.7 grass 

  12.8 grasshopper 
(11-20) 

1.8 23.0 17.4 red-wg blackbird (13.2-
22) 

Elk Valley, Fording River, 
British Columbia, Canada 

(Harding et al., 2005) 

particulate>insect> dipper, 
sandpiper 

2.2 2.8 6.2 7.1 (mayfly, 
stonefly, caddisfly, 
cranefly) 

1.8 11.2 8.4 American dipper 
7.3 spotted sandpiper 

Goose Lake** (1994), 
Kendrick Reclamation 

Project, Natrona County, 
Wyoming (Ramirez and 
Dickerson. 1999; See et 

al.,1992) 

pondweed>insect>avocet 37.6  2.8  105 52.6 (composite 
insect) 

1.8  189 40.8-111 eared grebe 
(embryonic terata) 

Great Salt Lake, 
Ogden/Antelope Islands, 

Utah (Cavitt, 2007; 
Wurtzbach, 2007) 

seston>brine fly larvae> 
shorebirds 

0.95 1.5 1.4 1.4 brine fly larvae 
1.7 brine fly adults 

1.8 2.5 2.7 American avocet and blk-
nk stilt 

Great Salt Lake, Utah 
(Marden, 2008; Conover, 

2009) 

seston>brine shrimp>gull 0.95 3.0  2.8 2.8 brine shrimp 
(4.0 adults; 2.4 
nauplius; 2.1 cyst)

1.8 5.0 3.0 California gull 
 

Imperial National Wildlife 
Refuge, Lower Colorado 

River (Lusk, 1993; 
Martinez, 1994) 

particulate>crayfish, clam> 
bird 

4.0  
 

1.6  
2.8  

 

6.4 
11.2 

 

7.7 crayfish (2-36) 
10.5 clam (C. 
fluminea) (6-26) 
 

1.8 20.2 
11.5 

5.2 l. lesser nighthawk 
8.7 gr een heron  
(developing eggs) 
10.3; 8.6 green heron 
9.9 pied-billed grebe 
8.7 least bittern

Kesterson Reservoir** 
(1984) (ponds 2, 7, and 

11), California 
(Schuler et al., 1990; 

Ohlendorf and Hothem, 
1995) 

particulate>insect> aquatic 
and terrestrial birds 

(grebes and coots not 
nesting) 

35.3  2.8  99 98 damselfly 
69 dragonfly 
59 adult beetle 
102 diptera larvae 
19 corixid 
 

1.8 178 
 

25 blk-nk stilt (max 64) 
16 American avocet (max 61) 
33 killdeer (max 50) 
21 gadwall (max 26) 
14 cinnamon teal (max 37) 
10 mallard (max 19) 
15 western meadowlark (24) 
6 tri-color blackbird (max 9.6) 
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Location Food Web 
Mean observed 
particulate Se 

(µg/g dw) 
TTF invertebrate 

Predicted 
invertebrate 

Se 
(µg/g dw) 

Mean observed 
invertebrate Se 

(µg/g, dw) 
TTFbird egg  

Predicted 
bird egg 

Se 
(µg/g, dw) 

Mean observed bird egg Se 
(µg/g, dw) 

4.4 cliff swallow (max 9) 
(embryonic terata)

Kesterson Reservoir** 
(1983), California 

(Ohlendorf et al., 1986) 

algae, plants>insect> 
grebe, coot, duck, stilt 
(grebes and coots not 

nesting) 

43.5 
 

1.4 
2.8  

61 
122  

85 net plankton  
22 corixid 
139 chironomid 
122 dragonfly 
175 damselfly  

1.8 
 

220 
 

81 eared grebe(72-110) 
54 American coot (34-110) 
9.9 duck (mallard, northern 
pintail, cinnamon teal, 
gadwall) (2.2-46) 
32.7 blk-nk stilt (12-74) 
(embryonic terata)

Kesterson Reservoir area 
reference site (Volta 

Wildlife Area) (Ohlendorf et 
al., 1986) 

plankton>insect>grebe, 
duck, stilt, avocet 

   2.0 net plankton 
1.7 insects 

1.8 3.6 
3.1 

(mean 3.4) 

1.9 eared grebe 
1.2 mallard 
0.84 gadwall 
1.6 blk-nk stilt 
1.4 American avocet 

Newport Bay (upper), 
California 

(Presser and Luoma, 
2009) 

particulate> copepod, 
amphipod>avocet, stilt, 

killdeer, rail 

0.20 
1.5 

1.4 
 
 

0.28 
2.1 

 

 1.8 0.50 
3.8 

 

5.3 American avocet 
5.1 blk-nk stilt 
2.6 killdeer 
3.7 clapper rail

Newport Bay (upper), 
California 

(Presser and Luoma, 
2009) 

particulate> copepod, 
amphipod>topsmelt> 
tern, skimmer, grebe 

0.20 
1.5 

1.4 and 1.1 
1.4 and 1.1  
(two-steps) 

0.31 
2.3 

 

 1.8 
1.8 

0.56 
4.2 

 

4.4 least tern 
3.1 black skimmer 
5.8 pied-billed grebe 

Rasmus Lee Lake** 
(1994), Kendrick 

Reclamation Project, 
Natrona County, Wyoming 
(Ramirez and Dickerson. 
1999; See et al., 1992) 

pondweed>insect> 
avocet 

30  2.8 84 93 composite 
insect 
 
 

1.8  167 85.9 American avocet 
(embryonic terata) 

Salton Sea, California 
(California Resources 

Agency, 2006) 

particulate>amphipod, 
insect, pileworm> 

bird 

1.1 0.6 
2.8  
7.4  

0.66 
3.1 
8.1 

1.6 amphipod 
2.3 corixid 
6.6 pileworm 

1.8 2.9 
5.6 
11.9 

2.8 Caspian tern 
3.6 white-faced ibis 
5.3 snowy egret 
6.0 black skimmer 
6.3 great egret 
6.7 night heron

Salton Sea, California 
(California Resources 

Agency, 2006) 
 

particulate>insect>fish> 
 bird 

1.1 2.8 and 1.1 
(two-steps) 

3.4  8.1 largemouth 
bass 
8.8 sargo 
9-10 redbelly 

1.8 6.1 2.8 caspian tern 
3.6 white-faced ibis 
5.3 snowy egret 
6.0 black skimmer 
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Location Food Web 
Mean observed 
particulate Se 

(µg/g dw) 
TTF invertebrate 

Predicted 
invertebrate 

Se 
(µg/g dw) 

Mean observed 
invertebrate Se 

(µg/g, dw) 
TTFbird egg  

Predicted 
bird egg 

Se 
(µg/g, dw) 

Mean observed bird egg Se 
(µg/g, dw) 

talapia 
12 Gulf croaker 
12 orangemouth 
corvina 
3.2 channel catfish

6.3 great egret 
6.7 night heron 

San Diego Creek 
watershed (lower San 

Diego Creek), California 
(Presser and Luoma, 

2009) 
 

particulate> insect, 
crayfish, clam> avocet, 

stilt, killdeer, grebe, coot 

1.2 1.6 
2.8 
2.8 

 
 

1.9 
3.4 

7.5 corixid 
5.8 crayfish 
4.9 snail 
7.5 clam 

1.8 3.4 
6.1 

2.8 American avocet 
6.9 blk-nk stilt 
9.5 killdeer 
5.8 pied-billed grebe 
5.2 American coot 

Tulare Basin Pond** 
(Sumner Peck), California 

(Moore et al., 1990) 

particulate>brine shrimp 6.0  
 

2.8  
4.2  

 

16.8 
25.2 

 

54.2 brine shrimp 
100 damselfly 
250 fly larvae 
25.7 beetle  
43.9 corixid

1.8 45.4 60 American avocet 
67 blk-nk stilt  
(embryonic terata) 
 

Tulare Basin Pond** 
(Westfarmers), California 

(Moore et al., 1990) 

particulate>brine shrimp> 
shorebird, grebe 

5.45 2.8 
4.2 

15.3 
22.9 

 

25.5 brine shrimp 
80 damselfly 
21.7 fly larvae 
41.1 corixid

1.8 41.2 20.8 American avocet 
28 blk-nk stilt 
74 eared grebe 
(embryonic terata)

Upper Blackfoot River 
watershed, southeast 

Idaho (Ratti et al., 2006) 

sediment>insect> bird    7.8 (assumed from 
Greater 
Yellowstone 
Coalition data; see 
Supplemental 
Table E) 

1.8 14 10.7 common snipe 
8.6 American coot 
8.1 killdeer 
8.1 eared grebe 
8.0 cinnamon teal 
8.0 mountain bluebird 
7.2 red-wg blackbird 
7.2 yellow-headed blackbird 
6.9 marsh wren 
6.7 western grebe 
plus other species




